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[57] ABSTRACT

The invention provides a circuit for an all-pass rever-
berator with an MOS delay line and feed back ampli-
fier. The circuit compensates for the frequency-
dependent attenuation of the delay line. Two amplifi-
ers of the prior art circuit are replaced by resistors and
a third one has specific characteristics.

4 Claims, 4 Drawing Figures
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- ALL-PASS REVERBERATOR WITH AN MOS
- DELAY LINE

- BACKGROUND OF THE INVENTION

1. Fleld of the Invention

The present invention relates to an all-pass reverber-

ator and more particularly to a reverberator havmg an
MOS delay line. L

2. Description of the Prior Art - o
. The present invention starts from an article by M. R.
Schroeder entitled “Natural Sounding Artificial Rever-
beration” and published in “Journal of the Audio Engi-
neering Society,” 10/3, (July 1962), pp. 219 to 223.
That article deals with a basic circuit for an all-pass
reverberator with a delay line fed back via a feedback
amphifier and a first adding circuit at the input of the
basic circuit and connected in series with an output
amplifier between the output of the first adding circuit
and a first input of a second adding circuit connected to
the output of the basic circuit the second input of
which second adding circuit is connected to the output
of a signal amplifier whose input is connected to the
input of the first adding circuit.

In the aforementioned article a delay line is required
which has neither any gain nor attenuation nor fre-
quency response, 1.e. with g,= 1, whereby the attenua-
- tion of the delay line will be designated in the following.
Another teaching of that article is that three amplifiers
or attenuators with definite gains or attenuation factors
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are necessary to achieve all-pass characteristics. By

contrast, the present invention relates to a basic circuit
for an all-pass reverberator which uses as the delay line
an MOS delay line as known from, e.g., the journal
“Elektor” (January 1973), pp. 112 to 117. Such use
presents special problems regarding the design and
alignment of the amplifiers, whose gain must be fre-
quency-dependent.

In practice, an MOS delay line has a frequency-— |

dependent attenuatlon given by

'gd_ = 8¢ exp' (_"dam ] sin? f. | (1)
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where

f = signal frequency

fe = clock frequency

nqg = number of stages (determining the time delay 7)

0,» = maximum stage attenuation at f = f,/2.

For a large n40,, therefore, appreciable deviations
from the all-pass behavior are to be expected. To fulfill
Schroeder’s requirement g;= 1, two measures must be
taken:

I. Use must be made of a delay line employing signal

regeneration, whereby the exponential factor in
(1) is made to be equal to 1 to a good approxima-
tion. For this purpose, well-proven signal regenera-
tion circuits are available. |

2. g, must be made to be equal to 1.

SUMMARY OF THE INVENTION
The present invention relates to a basic circuit for an
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all-pass reverberator with an MOS delay line which i1s
fed back via a feed back amplifier and the first input of 63

an adding circuit at the output of the feedback ampli-
fier and is connected in series with an output amplifier

between the output of the first adding circuit and a first

2

input of a second adding circuit which is connected to
the output of the basic circuit and whose second input
is connected to the output of a signal amplifier whose
input 1s connected to the second input of the first add-
ing circuit, the latter input forming the input of the
basic circuit. |

According to the invention, the aforementioned
problem of designing and aligning the necessary ampli-
fiers is considerably simplified by replacing two of the
three amplifiers by a direct connection and designing
the third amplifier according to the equation

—~8d° 828y _
l—g.rzgdz '

|
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where

g4 1s the attenuation of the MOS delay line,

gz 18 the gain of the feed back amplifier,

gy 1 the gain of the output amplifier, and

g. 1s the gain of the signal amplifier.

The foregoing and other objectives and advantages of
the present invention will become more apparent from
the following description and the accompanying draw-
ings wherein one embodiment of the present invention
1s described.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a prior art circuit.
FIGS. 2 to 4 are block diagrams of three embodi-
ments of a circuit according to the present invention.

DESCRIPTION OF THE PREFERRED
- EMBODIMENTS

Referring to FIG. 1, there is shown a block diagram
of a prior art reverberation circuit as taught in the
previously mentioned article of M. R. Schroeder. The
circuit has an input terminal 10 and an output terminal
12. The input terminal 10 is connected to a first input
of an adding circuit 14 which has an output connected
to an input of MOS delay line 16. The MOS delay line
has an attenuation g; which is schematlcally repre-
sented by a separate amplifier 18 connected in Series
with the output of the delay line 16. The output of
amplifier 18 1s connected to the input of another ampli-
fier 20 having a gain of g,. The output of amplifier 20
is connected to a second adding circuit 22 having an
output connected to output terminal 12. The output of
amplifier 18 is further connected through a feedback
amplifier 24 to a second input of adding circuit 14.
Amplifier 24 has a gain g,. Input terminal 10 is con-
nected through a signal amplifier 26 to a second input
of adding circuit 22. Amplifier 26 has a gain of g,.

Instead of making g, to be equal to 1 as in the prior
art, the invention proceeds from the problem of how

large the gains g, g, and g, must be if
. .gd= gﬂ # 11
1.e., If the line loss has any given constant value.

This general case can be dealt with analogously to the
special case in the Schroeder article. For a Dirac’s delta
function s, (¢) = 0 (¢) at the input with the amplitude

function H. (w) = | one obtains the amplitude function
at the output of the basic unit of FIG. 1:

gdgu.e—tw‘l'
| l_gdg_r.e-imr

Hy (W) =g, + (2)
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From the all-pass condition that the amplitude of H,

- should be independent of the frequency o, i.e.,
- H, (w)| = constant, -

“one obtains

_ —5 d28 8y

8: = l__g.r:!gdﬂ . (3)

The basic circuit according to the invention relates to

three cases of gain combinations which are shown in 'Y

the following table besides the general case of FIG. 1.

FIG. Gain Relationships
No. Combination between gains
| — gdz Er By
Ed 8r Bu 8z 82 | — 2.2 g4
) | !
gallee &= 705
3 gal gyl gv= 11— 1/gd
y : ] 1 ]
a8z 11 r ' 4 + g,

In the table, relationships between g, (attenuation
factor), g, gy and g, (gains) are given.

FIGS. 2 to 4 show three embodiments of the basic
circuit according to the invention with only one ampli-
fier each, which must be adapted to the frequency-

dependent attenuation of the MOS delay line.
FIG. 2 shows an embodiment of the invention
wherein amplifiers 20 and 24 have been omitted so that

- 8z and g, have values equal to one in the basic gain

formula and the gain g, of amplifier 26 is equal to
1

1—1/g42

as shown in the previous table for FIG. 2.

FIG. 3 shows an embodiment of the  invention
wherein amplifiers 24 and 26 have been omitted and
the gain g, of amplifier 20 is 1-1/g,® as shown in the
‘previous table. o
FIG. 4 shows another embodiment of the present

invention wherein amplifiers 20 and 26 have been
omitted and amplifier 24 has a gain g, equal to
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as shown in the previous table.

What is claimed is:

1. An all-pass reverberator, comprising;

an input terminal;

a first adding circuit having first and second inputs
and an output, said first input connected to the
input terminal;

an MOS delay line having an input and an output and
an attenuation of g4, said input being connected to
the output of the first adding circuit;

a second adding circuit having first and second inputs
and an output;

an output terminal connected to the output of the
second adding circuit;

first circuit means for connecting the output of the
delay line to the first input of the second adding
circuit, said first circuit means having a gain of g,;

second circuit means for connecting the output of the
delay line to the second input of the first adding
means, said second circuit means having a gain of
gr, and

third circuit means for connecting the input terminal
to the second input of the second adding circuit,
said third circuit means having a gain of g,, wherein
the gain

_.'E dEE .'rS y

b2 1-g.2gs®

2. An all-pass reverberator as described in claim 1,
wherein the first circuit means and second circuit

means have gains substantially equal to 1 and the third
circuit means has a gain

£2= l_llgdz o

3. An all-pass reverberator as described in claim 1,
wherein the second circuit means and third circuit
means have gains substantially equal to 1 and the first
circuit means has a gain g, = 1-1/g.

4. An all-pass reverberator as described in claim 1,
wherein the first circuit means and third circuit means
have gains substantially equal to 1 and the second cir-
cuit means has a gain

i
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Sx g,
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